INTRODUCTION {#sec1-1}
============

Root-end filling materials should ideally be biocompatible, insoluble, induce periapical tissue regeneration, have effective sealing ability, as well as dimensional stability, moisture imperviousness, radiopacity, nontoxicity, non-carcinogenicity, and ease of handling.\[[@ref1][@ref2]\]

Mineral trioxide aggregate (MTA) is an endodontic material with acceptable biocompatibility and osteoconductive properties.\[[@ref3]\] It has a high success rate when used to seal the perforation area and retrograde cavities in periradicular surgery.\[[@ref4][@ref5]\] High cost, long setting time, and potential for discoloration are the main drawbacks of this material.\[[@ref5][@ref6]\] Furthermore the antibacterial properties of MTA are unpredictable, and handling characteristics are not ideal.\[[@ref6]\]

As a mean to address these shortcomings, a new biomaterial was developed called calcium-enriched mixture (CEM) cement using different calcium compounds.\[[@ref7]\]

CEM cement has a good sealing ability when used as a root-end filling material.\[[@ref8]\] It has also shown favorable biological response as a pulp-capping agent.\[[@ref9]\] The other advantages of this biomaterial are the acceptable physical properties such as shorter setting time (less than 1 hour), greater flow characteristics, and less film thickness when compared to MTA.\[[@ref9]\] In addition, it has been shown that CEM cement has the ability to induce hydroxyapatite formation over its surface in normal saline solution.\[[@ref10]\]

Hard tissue formation over the root-end filling material requires the process of cell differentiation into hard tissue-forming cells and activation of the mineralization process.\[[@ref11]\] Mesenchymal stem cells play an important role in tissue and bone remodeling,\[[@ref12]\] and differentiation of mesenchyme-derived stem cells are thought to be affected by the local environmental factors.\[[@ref12][@ref13]\]

Therefore, the objective of this study was to investigate the effects of CEM cement on survival and mineralization of human mesenchymal stem cells and compare it with ProRoot MTA.

MATERIALS AND METHODS {#sec1-2}
=====================

Cell culture {#sec2-1}
------------

Human bone marrow-derived mesenchymal stem cells (hMSCs) were used for this study. Cells were grown in Dulbecco modified Eagle medium (DMEM; Gibco, Germany) supplemented with 2 mmol/L L-glutamine (Gibco, Germany), 10% fetal bovine serum (FBS; Gibco, Germany), 100 U/mL of penicillin, and 100 μg/ml of streptomycin. Cell cultures were maintained at 37°C, 95% humidity, and 5% CO~2~ . Cells used in these experiments were between passages 3 and 7.

Material preparation {#sec2-2}
--------------------

Tested materials were ProRoot White MTA (Dentsply Endodontics, Tulsa, OK) and CEM cement (BioniqueDent, Tehran, Iran). These materials were prepared following the manufacturer\'s instructions under sterile conditions. A liquid/powder ratio of 0.3 mL/g was used for all experiment groups. Extract of materials were made as follows: Disc-shaped specimens (3-mm diameter × 1-mm thick) of each material were prepared then these specimens were placed individually in one of the wells of sterile 24-well plates. The materials were maintained at 37^o^ C and 95% humidity for 4 hours. Afterward, 1 mL of DMEM was added to each well, and incubated at 37°C and 95% relative humidity for the duration of 24 hours. Aliquots were then extracted and cells were treated every 3 days with this solution.

Three wells for each test and control group were used; control groups were either plain DMEM or osteogenic medium.

Cell Inoculation {#sec2-3}
----------------

Trypsinized cells were seeded on 96-well plates for Methyl thiazol tetrazolium (MTT) assay at a density of 2 × 10^3^ cells per well in 200 μL of growth medium. Afterward, cells were incubated for 24 hours at 37°C, 5% CO~2~ and 95% relative humidity, After 24 hours of incubation, 200 μL aliquots of the test extracts and control media (DMEM plain), were collected for MTT assay to assess the cytotoxicity of test materials.

Surface-treated 24-well plates were used for mineralization tests (Alizarin Red Staining, Alkaline phosphatase assay and qPCR). Cells were planted at a density of 2 × 10^4^ cells per well in 200 μL of growth medium. After 48 hours, cells were switched to osteogenic media containing minimal essential medium alpha Eagle (α -MEM), β-glycerolphsphate \[10 mmol/L\], ascorbate-2-phosphate \[0.2 mmol/L\], dexamethasone \[100 mmol/L\], and 15% FBS. Cells were treated every 3 days with freshly prepared culture medium containing osteogenic media and aliquots of test extracts. Cells plated in osteogenic media plain were considered as control group.

MTT Experiment {#sec2-4}
--------------

Cell viability and proliferation were studied using an MTT Cell Proliferation Kit (Roche Applied Science, Indianapolis, IN). Briefly, cells were incubated at 37°C, 95% humidity, and 5% Co~2~ for 24 hours after cell inoculation as explained above. A 20 μL volume of MTT working solution was added to each well. Subsequently, the mixture was incubated for another 4 hours. Each well then was washed using 200 μL of phosphate-buffered saline. Afterward, 200 μL of dimethyl sulfoxide was added to each well. The plates were centrifuged at 1000 RPM for 5 minutes. Optical density (OD) at 492 nm was measured using an Eliza reader (Sunrise, Tecan).

Alizarin red staining {#sec2-5}
---------------------

Mineralization was evaluated by alizarin red staining (Sigma-Aldrich Co.). The cells were seeded in the 24-well plates containing osteogenic media and cell extracts afterwards Cells were incubated at 37°C, 5% Co~2~, and 95% humidity for 7 days. Mediums were replaced every 3 days. On the 7^th^ day the cells were stained with Alizarin red solution and observed with microscope.

Alkaline phosphatase assay {#sec2-6}
--------------------------

Cells were seeded in the 24-well plates. After 7 days incubation at 37°C, 5% CO~2~, and 95% humidity, Alkaline Phosphatase Detection Kit (MILLIPORE) was used to assess the expression of ALP, a typical osteoblast marker. Cells were observed under the microscope to see the red stains. These stains reveal the presence of alkaline phosphatase.

Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) {#sec2-7}
----------------------------------------------------------------------

The cells which were seeded in the 24-well plates containing osteogenic media plus test extracts that incubated for 7 days were used to perform quantitative RT-PCR. Three wells of each test material and control groups were used in the analysis. Trizol Reagent (Invitrogen, Carlsbad, CA) was used to homogenize the cells. The mixture was centrifuged at 12000g at 4°C for 15 minutes. The RNase-free water was used to dissolve the RNA and it was stored at −80°C. Complementary DNA was generated from the extracted RNA using RT-PCR with a PrimeScript 1^st^ Strand cDNA Synthesis Kit (Takara, Dalian, China). The expression of two specific marker genes (collagen type I (*col1*) and osteocalcin (*ocn*)) was determined using specific primers: collagen type I (Sense primer: 5'-GGAAATGCTGGACCCCCTGGCCC-3', Antisense primer: 5'-AGCAGGACCATCAGCACCAGGGG-3') and osteocalcin (Sense primer: 5'-GCTACCTGTATCAATGGCTG-3', Antisense primer: 5'-GACCGGGCCGTATAGGCC-3').

Expression of RNA was normalized using Glyceraldehyde 3- phosphate dehydrogenase (*GAPDH*) gene.

Statistical analysis {#sec2-8}
--------------------

ANOVA analysis and multiple comparisons test (Tamhane) were used via SPSS software 19 (SPSS, Chicago, IL, USA). *P* \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

MTT experiment analysis {#sec2-9}
-----------------------

Although cell viability and proliferation in the MTA group was less than those of CEM cement and the control groups, no statistical difference was observed among the groups. (P-value ≥0.05)

Alizarin red staining {#sec2-10}
---------------------

Alizarin red staining nodules were observed in all the groups (MTA, CEM cement, and control), mineralization nodule formation in the CEM cement group was the most prominent \[[Figure 1](#F1){ref-type="fig"}\].

![Micrographs of hMSCs after 7 days. (A-C: Alizarin red staining of specimens and D-F: Expression of ALP in the samples) Mineralization nodule formations were observed in the group of MTA (a), CEM cement (b), and Control (c). Furthermore, expression of ALP was detected in all three groups (MTA (d), CEM cement (e), and control (f))](JCD-17-349-g001){#F1}

Alkaline phosphatase assay {#sec2-11}
--------------------------

Expression of ALP was detected in all three groups (MTA, CEM cement, and control), but the amount of stained areas which would indicate the presence of ALP was not different in these groups \[[Figure 1](#F1){ref-type="fig"}\].

Gene expression analysis {#sec2-12}
------------------------

***Col1***. After 7 days, the difference of col1 expression level among all three groups (MTA, CEM cement, and control) was not significant \[[Figure 2](#F2){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\].

***Ocn**. Ocn* expression level in the CEM cement group was significantly more than the control group (*P* \< 0.05). But the level of Ocn expression in the MTA group was not significantly different from the control group \[[Figure 2](#F2){ref-type="fig"} and Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

![The relative expression of the Ocn gene normalized against a housekeeping gene (GAPDH)](JCD-17-349-g002){#F2}

###### 

Mean and standard deviation of experimental groups in PCR analysis

![](JCD-17-349-g003)

###### 

Mean and standard deviation for inter group comparisons in PCR analysis. The mean difference is significant at the 0.05 level

![](JCD-17-349-g004)

DISCUSSION {#sec1-4}
==========

In this study the effect of biomaterials on mesenchymal stem cells was investigated using MTT assay, alkaline phosphatase assay, Alizarin red staining, and qRT-PCR. A comprehensive evaluation was performed to assess the survival and differentiation of hMSCs when placed adjacent to different biomaterials. To evaluate the gene expression level, qRT-PCR was used. Due to the exquisite sensitivity and accurate gene quantification of this method, qRT-PCR is considered the gold standard in the field of gene detection; and the use of this procedure has supplanted other approaches (e.g., Northern blotting, Southern blotting, and RNase protection assays).\[[@ref14]\]

In the present study the ability of MTA and CEM cement to enhance tissue regeneration was evaluated; these biomaterials are commonly used in clinical practice such as root perforation, resorption repair, apexification, and apical surgery.\[[@ref9][@ref10][@ref15][@ref16][@ref17][@ref18]\]

The healing of injured tissue in the peridontium is clearly dependent on the biocompatibility of the repair material and cells interaction with them.\[[@ref19]\] It has been demonstrated that the migration and differentiation of multipotent mesenchymal stem cells during the bone and periodontal healing and regeneration process are necessary.\[[@ref20]\] In our study, hMSCs have been used as a model of multipotent mesenchymal stem cells to assess the effect of CEM cement and MTA on them because these cells are wildly involved in the wound-healing process of the alveolar bone.\[[@ref19][@ref20]\]

The results of this study showed that there is no statistical difference in cell survival among the MTA group, CEM cement group and control group. The obtained result was in accordance with previous studies.\[[@ref5][@ref19][@ref21]\] We performed the MTT experiment as an adjunction to other methods of research for differentiation process. Only 24 hours period of cell viability was investigated because other time spans have been studied in other studies. MTA and CEM cement are primarily composed of different calcium salts, and it has been shown that calcium ions are released from hydrated MTA during the mixing of MTA powder and water.\[[@ref20]\] In addition, it has been demonstrated that CEM cement causes the same bioactive reaction as MTA,\[[@ref10]\] and the biocompatibility of these materials may be attributed to this fundamental bioactive reaction.

In this study no differences were observed among the groups when the ALP activity of the cells was being compared. This means that MTA and CEM cement did not significantly change the ALP activity of the cells; and it was in agreement with the results of Modareszadeh *et al*. study in MTA.\[[@ref22]\]

The results of the Alizarin red staining experiment show that mineralization nodule formations in the group of CEM cement were more noticeable than those of other groups.

Due to the qualitative nature of these experimentations, confirmation of their results, using an accurate quantitative technique, seemed necessary. Therefore, qRT-PCR method was used to evaluate the mineralization-related gene expression in hMSCs. The expression of two specific marker genes col1 and ocn was determined. Col1 and ocn are important proteins in mineralized connective tissue and the increased gene expression of these proteins indicate enhanced mineralization process.\[[@ref23][@ref24][@ref25]\] Zbenglin Yuan, *et al*.\[[@ref23]\] evaluated the effect of MTA and bioaggregate on mineral-associated gene expression including col1 and ocn. In their study, MTA caused no significant enhancement in these two gene expressions which is in agreement with the current study. But CEM cement was able to induce the ocn of hMSCs,. The fact that ocn expression in the CEM cement group was significantly more than the control group; while MTA did not cause any significant change may be attributed to the differences in the amount of the released ions in the first day in the two aggregates. Therefore, pharmacokinetic studies on these two materials would be beneficial. Using human bone marrow-derived mesenchymal stem cells was an innovative approach for studying the effects of bioactive materials in endodontics which could possibly be more similar to real human body mechanisms of actions.

CONCLUSIONS {#sec1-5}
===========

Within the limitations of the present *in vitro* study, it can be concluded that CEM cement has acceptable toxicity for clinical use and is able to induce mineralization process and enhance osteocalcin (OCN) gene expression which is associated with mineralization in hMSCs.
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